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%DFWHULD DUH DVVRFLDWHG ZLWK D QXPEHU RI GLIIHUHQW
LQVHFW VSHFLHV DFURVV DOO PDMRU RUGHUV RI WKH
,QVHFWD %XFKQHU  &DPSEHOO  'LOORQ
DQG 'LOORQ  3HUPDQHQW DVVRFLDWLRQV
EHWZHHQ EDFWHULD DQG KLJKHU RUJDQLVPV DUH FDOOHG
V\PELRWLF DQG WKH W\SH RI V\PELRVLV ZLOO GHSHQG
RQ WKH SDUWLFXODU KRVW WKH V\PELRQW DQG
HQYLURQPHQWDO FRQGLWLRQV %RXFKHU HW DO 
'RXJODV  %URQVWHLQ  )RU H[DPSOH
VHYHUDO +RPRSWHUD KDYH D PXWXDOLVWLF V\PELRVLV
ZLWK Buchnera EDFWHULD ORFDWHG LQ VSHFLILF WLVVXH
QHDU WKH JXW WKH VRFDOOHG P\FHWRPHV 7KHVH
P\FHWRPH EDFWHULD SURYLGH WKH KRVW ZLWK HVVHQWLDO
QXWULHQWV +RXN DQG *ULIIWKV  'RXJODV 
%DXPDQQ HW DO  $Q H[DPSOH RI SDUDVLWLF
V\PELRVLV LV WKH SUHVHQFH RI Wolbachia EDFWHULD LQ
WKH UHSURGXFWLYH WLVVXH RI PDQ\ GLIIHUHQW
DUWKURSRGV 7KHVH EDFWHULD LQWHUIHUH ZLWK KRVW
UHSURGXFWLRQ ZKLFK PD\ OHDG WR F\WRSODVPLF
LQFRPSDWLELOLW\ SDUWKHQRJHQHVLV RU VH[ UDWLR
GLVWRUWLRQ %UHHXZHU  6WRXWKDPHU HW DO
 9DOD
7KH LQVHFW JXW SURYLGHV D VXLWDEOH KDELWDW IRU
EDFWHULD %LJQHOO  ,Q PDQ\ LQVHFW VSHFLHV WKH
JXW SRVVHVVHV GLIIHUHQW W\SHV RI EDFWHULD ZKLFK
DUH WUDQVLHQW DQG GR QRW UHPDLQ LQ WKH JXW GXULQJ
DOO OLIH VWDJHV +RZHYHU LQ VRPH FDVHV D YDULHW\ RI
SHUPDQHQW PLFURRUJDQLVPV LV SUHVHQW WKDW VXSSO\
HVVHQWLDO QXWULHQWV WR WKHLU KRVW %ODWWLGDH &UXGHQ
DQG 0DUNRYHW]  7HUPLWLGDH %UH]QDN 
DQG &XUFXOLRQLGDH %ULGJHV  8OOPDQ HW DO
 ZHUH WKH ILUVW WR GHWHFW JXW EDFWHULD LQ
7K\VDQRSWHUD LQ WKH KLQGJXW RI WKH ZHVWHUQ IORZHU
WKULSV Frankliniella occidentalis 3HUJDQGH
>7K\VDQRSWHUD 7KULSLGDH@ 7KHVH JXW EDFWHULD
ZHUH LVRODWHG DQG FKDUDFWHULVHG 'H 9ULHV HW DO
 DQG D F. occidentalis ZHUH IRXQG WR
FRQWDLQ D VLQJOH VSHFLHV RI JXW EDFWHULD RI WKH
JHQXV Erwinia (QWHUREDFWHULDFHDH SRVVLEO\
Pantoea agglomerans ZKLFK FDQ DOVR JURZ
RXWVLGH WKH LQVHFW KRVW $OWKRXJK VHYHUDO GLIIHUHQW
JURZWK PHGLD ZHUH WULHG WR JURZ JXW EDFWHULD RI
WKHVH WKULSV RQO\ RQH VSHFLHV RI EDFWHULD ZDV
FRQVLVWHQWO\ IRXQG %DVHG RQ 6 U'1$ VHTXHQFHV
GHULYHG IURP UDQGRPO\ VHOHFWHG EDFWHULDO FRORQLHV
RI F. occidentalis RQO\ WKLV W\SH RI EDFWHULD ZDV
IRXQG ZKLFK DGGV IXUWKHU HYLGHQFH WR WKH
FRQFOXVLRQ WKDW RQO\ RQH W\SH RI EDFWHULD LV
FRQVLVWHQWO\ SUHVHQW LQ F. occidentalis :LWK WKH
FORQHG6 U'1$ IUDJPHQWV XQLYHUVDO SULPHUV
ZHUH XVHG WR LGHQWLI\ EDFWHULDO W\SHV SUHVHQW LQ WKH
WKULSV UHJDUGOHVV RI ZKHWKHU WKH\ FRXOG EH JURZQ
RQ EDFWHULDO PHGLXP 'H 9ULHV HW DO D 7KH
Erwinia EDFWHULD SUHVHQW LQ WKH WKULSV¶ JXW DUH
WUDQVPLWWHG WR SURJHQ\ YLD WKH OHDYHV WKDW ERWK
DGXOWV DQG ODUYDH HDW 'H 9ULHV HW DO E ,Q
VHFRQG LQVWDU ODUYDH DOO WKULSV DUH LQIHFWHG ZLWK
Erwinia DQG XS WR  EDFWHULD DUH SUHVHQW SHU
WKULSV 7KH SUHVHQFH RI EDFWHULD LQ F. occidentalis
ZDV IRXQG WR FDXVH D IDVWHU ODUYDO GHYHORSPHQW
DQG KLJKHU RYLSRVLWLRQ FRPSDUHG WR WKULSV
ZLWKRXW EDFWHULD EXW WKLV HIIHFW LV GHSHQGHQW RQ
WKHWKULSVGLHW'H9ULHVHWDO
7KH PLFURELRORJ\ RI 7K\VDQRSWHUD LV QRW ZLGHO\
VWXGLHG $SDUW IURP WKH Erwinia EDFWHULDO
V\PELRQWV LQ F. occidentalis WKH SUHVHQFH RI
Pantoea ananatis LQ WKH JXWV RI WKH WREDFFR
WKULSV F. fusca *LWDLWLV HW DO  :HOOV HW DO
 DQG RI EDFWHULD LQ P\FHWRPHV RI
Caudothrips buffai %RXUQLHU  ZDV UHSRUWHG
Caudothrips buffai LV D P\FRSKDJRXV LQVHFW
RXWVLGH WKH ODUJH WKULSV IDPLO\ RI 7KULSLGDH
%RXUQLHU GLG QRW ILQG P\FHWRPHV LQ DQ\ RI WKH
VSHFLHVRI7KULSLGDHWKDWKHVWXGLHG
Thrips tabaci, ZDV VHOHFWHG IRU WKH SUHVHQW VWXG\
IRU WKH IROORZLQJ UHDVRQV ,W LV OLNH F. occidentalis
D SRO\SKDJRXV SHVW LQVHFW &RQWUDU\ WR F.
occidentalis LW LV HQGHPLF WR :HVWHUQ (XURSH
)UDQVVHQ DQG 0DQWHO  T. tabaci KDV D
VLPLODU PRUSKRORJ\ DQG OLIH F\FOH DV F.
occidentalis 9DQ 5LMQ HW DO  ,W LV
KDSORGLSORLG DQG DUUKHQRWRNRXV OLNH PRVW
7KULSLGDH ZKLFK LPSOLHV WKDW KDSORLG XQIHUWLOLVHG
HJJV EHFRPH PDOHV DQG GLSORLG IHUWLOLVHG HJJV
IHPDOHV +RZHYHU WKHO\WRN\ XQIHUWLOLVHG GLSORLG
HJJV EHFRPLQJ IHPDOHV ZDV IRXQG LQ VRPH T.
tabaci SRSXODWLRQV 0XUDL  1DXOW HW DO
 =DZLUVND
6HYHUDO SRSXODWLRQV RI T. tabaci ZHUH H[DPLQHG
IRU WKH SUHVHQFH RI JXW EDFWHULD E\ ORRNLQJ IRU
EDFWHULD WKDW ZRXOG JURZ RQ HQULFKHG DJDU
PHGLXP DQG EHORQJHG WR WKH IDPLO\
(QWHUREDFWHULDFHDH 7KH SRSXODWLRQV RI T. tabaci
WKDW ZHUH VWXGLHG RULJLQDWHG IURP GLIIHUHQW
JHRJUDSKLFDO ORFDWLRQV DQG KRVW SODQWV 7KH\ DOVR
GLIIHUHG LQ VH[ UDWLR DQG UHSURGXFWLRQ (DUOLHU WKH
VDPH SRSXODWLRQV ZHUH IRXQG WR EH KLJKO\ YDULDEOH
LQ WKHLU DELOLW\ WR WUDQVPLW SK\WRSDWKRJHQLF
WRVSRYLUXVHV :LMNDPS HW DO  %DVHG RQ KRVW
SODQW UHSURGXFWLRQ DQG YLUXV WUDQVPLVVLRQ
DELOLW\ LW PD\ EH DUJXHG WKDW WKH T. tabaci
SRSXODWLRQV VWXGLHG LQ IDFW EHORQJHG WR GLIIHUHQW
ELRW\SHV DV GHILQHG E\ 'LHKO DQG %XVK 
SRSXODWLRQV EHORQJLQJ WR WKH VDPH VSHFLHV EXW
GLIIHULQHVVHQWLDOELRORJLFDOIHDWXUHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 13RSXODWLRQVRI Frankliniella occidentalisDQG Thrips tabaci XVHGLQWKLVVWXG\
Population Year Mode of Reproduction Origin Cultured on Reference
Frankliniella occidentalis
)2$&0  $UU 1HWKHUODQGV FKU\VDQWKHPXP 9DQ'LMNHQ et al.
)21/  $UU 1HWKHUODQGV EHDQSRGV :LMNDPS et al.
Thrips tabaci
77-$UU  $UU -DSDQ EHDQSRGV 0XUDL
77-7KH  7KH -DSDQ OHHN 0XUDL
771/  7KH 1HWKHUODQGV OHHN 7KHXQLVVHQ et al.
77(J\  7KH (J\SW OHHN :LMNDPS et al.
77*5  $UU *UHHFH EHDQSRGV &KDW]LYDVVLOLRX et al.
77*5  $UU *UHHFH EHDQSRGV &KDW]LYDVVLOLRX et al.
77*5  $UU *UHHFH EHDQSRGV &KDW]LYDVVLOLRX et al.
771/  7KH 1HWKHUODQGV EHDQSRGV &KDW]LYDVVLOLRX et al.
3RSXODWLRQ DEEUHYLDWLRQRIWKHSRSXODWLRQXVHGLQWKLVVWXG\)2IRU Frankliniella occidentalis, 77IRU Thrips
tabaci<HDU WKH\HDULQZKLFKWKHSRSXODWLRQVZHUHVKLSSHGWRRXUODERUDWRU\
0RGHRI5HSURGXFWLRQ WKHSUHVXPHGSUHVHQFHRIPDOHVLQWKHSRSXODWLRQµ$UU¶ DUUKHQRWRNRXV>XQIHUWLOLVHG
HJJVDUHPDOHV@µ7KH¶ WKHO\WRNRXV>XQIHUWLOLVHGHJJVDUHIHPDOHVQRPDOHVSUHVHQW@
Material and Methods
Thrips populations
Thrips tabaci SRSXODWLRQV XVHG LQ WKLV VWXG\ ZHUH
PDLQWDLQHG DW WKH 'HSDUWPHQW RI 9LURORJ\ RI WKH
:DJHQLQJHQ $JULFXOWXUDO 8QLYHUVLW\ 7KHVH
SRSXODWLRQV ZHUH RULJLQDOO\ REWDLQHG IURP YDULRXV
ODERUDWRU\ FXOWXUHV 7DEOH  DQG LQFOXGHG
WKHO\WRNRXV DQG DUUKHQRWRNRXV SRSXODWLRQV IURP
GLIIHUHQW KRVW SODQWV T. tabaci SRSXODWLRQV ZHUH
JLYHQ QDPHV ZLWK WKH DEEUHYLDWLRQ 77 IROORZHG E\
FRXQWU\ FRGH DQG VHULDO QXPEHU DQG F.
occidentalis SRSXODWLRQV ZHUH DEEUHYLDWHG ZLWK
)2 7DEOH  2QH F. occidentalis SRSXODWLRQ
)21/ ZDV UHDUHG RQ EHDQ SRGV DW WKH
'HSDUWPHQW RI 9LURORJ\ RI WKH :DJHQLQJHQ
$JULFXOWXUDO 8QLYHUVLW\ 7KH RWKHU SRSXODWLRQ RI
F. occidentalis )2$0& ZDV UHDUHG DW WKH
,QVWLWXWH IRU %LRGLYHUVLW\ DQG (FRV\VWHP
'\QDPLFV DW WKH 8QLYHUVLW\ RI $PVWHUGDP RQ
FKU\VDQWKHPXP SODQWV %RWK F. occidentalis
SRSXODWLRQV ZHUH RULJLQDOO\ FROOHFWHG LQ WKH
1HWKHUODQGV 6SHFLHV LGHQWLW\ ZDV UHJXODUO\
FKHFNHG DQG ZH QHYHU HQFRXQWHUHG DQ LQIHVWDWLRQ
RI RWKHU WKULSV VSHFLHV LQ WKHVH FXOWXUHV %
9LHUEHUJHQSHUVRQDOFRPPXQLFDWLRQ
Thrips rearings
7KULSV ZHUH UHDUHG LQ VPDOO FORVHG MDUV  PP
ZLGH DQG  PP KLJK LQ FOLPDWH URRPV RI R &
 5+ DQG  /' 3RGV RI WKH EHDQ
Phaseolus vulgare ZHUH XVHG DV IRRG IRU VRPH
SRSXODWLRQV 77-$UU 771/ DQG WKH *UHHN
SRSXODWLRQV /HDI SLHFHV RI WKH OHHN Allium
porrum ZHUH XVHG IRU WKH RWKHU WKUHH
SRSXODWLRQV 77-7KH 771/ DQG 77(J\
%HDQ SRGV DQG OHHN OHDYHV ZHUH REWDLQHG IURP
ORFDO JURFHULHV ZDVKHG DQG LQFXEDWHG IRU IRXU
GD\V DW  & $IWHU EHLQJ WKRURXJKO\ ZDVKHG
DJDLQ WKHVH ZHUH XVHG LQ WKH FXOWXUHV 7KLV
SURFHGXUH PLQLPLVHV WKH ULVN RI FRQWDPLQDWLRQ
ZLWK RWKHU WKULSV 7KH F. occidentalis SRSXODWLRQ
)21/ ZDV UHDUHG LQ WKH VDPH ZD\ 7KH
)2$0& SRSXODWLRQ ZDV UHDUHG RQ
FKU\VDQWKHPXP SODQWV LQ D FOLPDWH ER[  &
 5+  /' &KU\VDQWKHPXP SODQWV ZHUH
REWDLQHGIURPORFDOJDUGHQVKRSVDQGQRWZDVKHG
Isolation of bacteria
6DPSOHV RI  WR  WKULSV ZHUH VHOHFWHG DQG
VXEMHFWHG WR LVRODWLRQ RI EDFWHULD IROORZLQJ WKH
SURWRFRO GHVFULEHG HDUOLHU 'H 9ULHV HW DO D
%ULHIO\ WKH WKULSV ZHUH SODFHG LQGLYLGXDOO\ LQ
VPDOO YLDOV  PO DQG VXUIDFH VWHULOLVHG WR DYRLG
SLFNLQJ XS H[WHUQDO EDFWHULD 6XUIDFH VWHULOLVDWLRQ
LV GRQH E\ VRDNLQJ LQGLYLGXDO WKULSV LQ 
HWKDQRO IRU  VHFRQGV VRDNLQJ LW LQ D  VRGLXP
FKORULWH VROXWLRQ DQG VXEVHTXHQWO\ ULQVLQJ WKUHH
WLPHV ZLWK VWHULOLVHG ZDWHU 7KULSV ZHUH WKHQ
KRPRJHQLVHG LQ  ƫO 7ULV('7$ EXIIHU  P0
7ULV DQG  P0 ('7$ S+    7KULSV
KRPRJHQDWH ZDV VSUHDG RXW RQ /XULD%HUWRQL
/% DJDU PHGLXP DQG LQFXEDWHG IRU  K DW 
& /% PHGLXP LV WKH PHGLD RQ ZKLFK JXW EDFWHULD
RI F. occidentalis ZHUH IRXQG WR JURZ EHVW 'H
9ULHV HW DO D (DUOLHU WHQ GLIIHUHQW ULFK
JURZWK PHGLD ZHUH XVHG IRU LVRODWLRQ RI EDFWHULD
IURP WKULSV 7KLV UDQJH RI JURZWK PHGLD IXOO\
FRYHUHG RI QHDUO\ DOO PHGLD WKDW KDYH EHHQ XVHG
IRU LVRODWLRQ RI LQVHFW JXW EDFWHULD DFFRUGLQJ WR DQ
H[WHQVLYH OLWHUDWXUH VHDUFK VHH 'H 9ULHV HW DO
D IRU D FRPSOHWH GHVFULSWLRQ $OO VWHSV RI WKH
EDFWHULDO LVRODWLRQ SURFHGXUH WRRN SODFH LQ D
ODPLQDU IORZ KRRG WR UHGXFH WKH FKDQFH RI
FRQWDPLQDWLRQ ,Q  LVRODWLRQV ZHUH GRQH LQ
$PVWHUGDP DW WKH ,QVWLWXWH IRU %LRGLYHUVLW\ DQG
(FRV\VWHP '\QDPLFV DQG LQ  WKH\ ZHUH GRQH
DW WKH 'HSDUWPHQW RI 9LURORJ\ LQ WKH :DJHQLQJHQ
$JULFXOWXUDO8QLYHUVLW\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Identification of bacteria
2QO\ WKULSV KRPRJHQDWH WKDW \LHOGHG PRUH WKDQ
 FRORQLHV ZHUH XVHG EHFDXVH OHVV WKDQ 
FRORQLHV FRXOG HDVLO\ KDYH UHVXOWHG IURP
DFFLGHQWDO FRQWDPLQDWLRQ GXULQJ WKH EDFWHULDO
LVRODWLRQ SURFHGXUH 7KH SUHYDOHQFH ZDV
GHWHUPLQHG DV WKH IUHTXHQF\ RI WKULSV ZLWK JXW
EDFWHULD RXW RI DOO WKULSV LQFOXGHG LQ WKH
H[SHULPHQW 7KUHH PHWKRGV ZHUH XVHG WR GHVFULEH
WKH JXW EDFWHULD )LUVW WKH PRUSKRORJ\ RI WKH PRVW
IUHTXHQW W\SH RI FRORQLHV LQ HDFK WKULSV
KRPRJHQDWH ZDV UHFRUGHG 7KH VL]H ZDV
GHWHUPLQHG DV VPDOO  PP DIWHU  K RI
LQFXEDWLRQ DW R& RU ODUJH 7KH FRORXU ZDV
GHWHUPLQHG DV ZHOO DV WKH VKDSH URXQG RU IX]]\
DQG WKH FODULW\ FOHDU RU RSDTXH 1HDUO\ DOO
FRORQLHV REWDLQHG LQ RXU VWXG\ ZHUH VPDOO URXQG
DQG RSDTXH 6HFRQG SXUH VWUDLQV ZHUH REWDLQHG
RI WKLV W\SH RI EDFWHULD E\ WUDQVIHUULQJ D VLQJOH
FRORQ\ WR IUHVK /% DJDU PHGLXP WZLFH 7KHVH SXUH
VWUDLQV ZHUH ELRFKHPLFDOO\ LGHQWLILHG XVLQJ WKH
$3, ( PHWKRG %LRPpULHX[
KWWSZZZELRPHULHX[FRP 7KLV PHWKRG LV D
VWDQGDUGLVHG WHVW IRU WKH IROORZLQJ WZHQW\
ELRFKHPLFDO FKDUDFWHULVWLFV EHWDJDODFWRVLGDVH
DFHWRLQ SURGXFWLRQ F\WRFKURPH R[LGDVH DUJLQLQH
GHK\GURODVH O\VLQH GHK\GURODVH RUQLWKLQH
GHK\GURODVH +6 SURGXFWLRQ XUHDVH WU\SWRSKDQ
GHDPLQDVH LQGROH SURGXFWLRQ JHODWLQDVH DQG WKH
XWLOLVDWLRQ RI JOXFRVH PDQQLWRO UKDPQRVH
VXFURVH DP\JGDOLQ DUDELQRVH LQRVLWRO VRUELWRO
DQG FLWUDWH 7KH ELRFKHPLFDO FKDUDFWHULVWLFV
DFFRUGLQJ WR WKH $3, ( V\VWHP ZHUH FRPSDUHG
ZLWK FKDUDFWHULVWLFV RI WZR W\SH VWUDLQV RI F.
occidentalis JXW EDFWHULD 7$& ;,, DQG 7$&
,,, GHVFULEHG LQ 'H 9ULHV HW DO D DQG
GHWHUPLQHG DJDLQ LQ WKLV VWXG\ 7KH WKLUG
LGHQWLILFDWLRQ PHWKRG LQYROYHG GHWHUPLQLQJ WKH
6 U'1$ VHTXHQFH RI D IHZ SXUH VWUDLQV RI T.
tabaci JXW EDFWHULD DQG FRPSDULQJ WKHP ZLWK
VHTXHQFHV RI JXW EDFWHULD IURP F. occidentalis
DQGZLWKRWKHU(QWHUREDFWHULDFHDH
16S rDNA sequence comparison
'1$ ZDV LVRODWHG IURP EDFWHULD XVLQJ D PHWKRG
EDVHG RQ &KHOH[  :DOVK HW DO  $ FRORQ\
RI D SXUH VWUDLQ RI EDFWHULD ZDV VXVSHQGHG LQ DQ
HPXOVLRQ RI PO  ZY &KHOH[ 
6LJPD$OGULFK ZZZVLJPDDOGULFKFRP LQ VWHULOH
WLVVXH ZDWHU DQG  ƫO SURWHLQDVH .  PJPO
ZDV DGGHG SHU '1$ VDPSOH 6DPSOHV ZHUH
LQFXEDWHG IRU  K DW  & DQG DIWHU WKLV
SURWHLQDVH . ZDV GHQDWXUHG GXULQJ  PLQ DW 
& 7KH REWDLQHG '1$ LVRODWH ZDV XVHG IRU 6
U'1$ DPSOLILFDWLRQ 3DUW RI WKH 6 U'1$ JHQH
ZDV DPSOLILHG XVLQJ XQLYHUVDO EDFWHULDO SULPHUV
/DQH  EDVHG RQ WKH Escherichia coli
JHQRPH ) DQG 5 E\ 3&5 ZLWK F\FOH
FRQGLWLRQV DV GHVFULEHG HOVHZKHUH 'H 9ULHV HW DO
D 7KH 3&5 SURGXFW ZDV UXQ RQ D  ZY
DJDURVH JHO DQG WKH 6 U'1$ JHQH RI
DSSUR[LPDWHO\  ES ZDV H[FLVHG IURP WKH JHO
SXULILHG DQG VHTXHQFHG RQ D /L&RU DXWRPDWHG
'1$VHTXHQFHU XVLQJ G\HSULPHU FKHPLVWU\
IROORZLQJ WKH PDQXIDFWXUHUV SURWRFRO %DVH&OHDU
/WGZZZEDVHFOHDUFRP
7KH UHVXOWLQJ 6 U'1$ VHTXHQFHV ZHUH PDQXDOO\
DOLJQHG DQG FRPSLOHG LQ RQH GDWDEDVH 6HYHUDO 6
U'1$ VHTXHQFHV RI RWKHU (QWHUREDFWHULDFHDH ZHUH
WDNHQ IURP WKH *HQ%DQN DQG LQFOXGHG LQ WKH
GDWDEDVH Erwinia herbicola, E. coli, Citrobacter
freundii, Erwinia carotovera, Serratia
marcescens, DQG Proteus vulgaris. 6HTXHQFHV
ZHUH DOVR GHWHUPLQHG RI Erwinia VS JXW EDFWHULD
IURP F. occidentalis WKDW KDG EHHQ LVRODWHG LQ
 DQG NHSW LQ WKH ï& IUHH]HU VHH 'H 9ULHV
HW DO D IRU D GHVFULSWLRQ RI WKH EDFWHULD
LVRODWLRQ 7KHVH VHTXHQFHV ZHUH DOVR LQFOXGHG LQ
WKH GDWDEDVH 7KH DSKLG P\FHWRPH V\PELRQW
Buchnera aphidicola D QRQ(QWHUREDFWHULDFHDH
VSHFLHV EHORQJLQJ WR WKH JDPPD3URWHREDFWHULDH
ZDV XVHG DV WKH RXWJURXS 7KH GDWDEDVH ZDV
VXEMHFWHG WR SDUVLPRQ\ DQDO\VLV XVLQJ 3DXS 
6ZRIIRUG  *DSV ZHUH WUHDWHG DV PLVVLQJ
GDWD $ SK\ORJUDP ZDV FUHDWHG XVLQJ WKH KHXULVWLF
VHDUFK RSWLRQ ZLWK  IROG ERRWVWUDSSLQJ 7KH
6 U'1$ VHTXHQFHV IURP T. tabaci DQG F.
occidentalis JXW EDFWHULD GHWHUPLQHG LQ WKLV VWXG\
ZHUH GHSRVLWHG LQ WKH *HQ%DQN GDWDEDVH DW
DFFHVVLRQQXPEHUV$<WR$<
Results
Morphological characteristics of gut
bacteria from onion thrips
,Q  DGXOW WKULSV ZHUH FROOHFWHG IURP IRXU T.
tabaci SRSXODWLRQV DQG RQH F. occidentalis
SRSXODWLRQ )2$0& DQG JXW EDFWHULD ZHUH
LVRODWHG IURP WKHP 7DEOH  7KH SRSXODWLRQV
KDG WKHQ EHHQ PDLQWDLQHG LQ WKH ODERUDWRU\ IRU
PRUH WKDQ RQH \HDU 7KH T. tabaci SRSXODWLRQV
VKRZHG ODUJH LQGLYLGXDO YDULDWLRQ LQ WKH SUHVHQFH
RI JXW EDFWHULD UDQJLQJ IURP QR JXW EDFWHULD WR
PDQ\ F. occidentalis DOZD\V KDG ODUJH QXPEHUV
RI EDFWHULD SHU LQGLYLGXDO WKULSV LQ DOO SRSXODWLRQV
WKDW ZHUH WHVWHG 'H 9ULHV HW DO D ,Q WKH
77-$UU SRSXODWLRQ PRUH WKDQ  RI T. tabaci
FDUULHG JXW EDFWHULD ZKHUHDV T. tabaci RI WKH
771/ DQG 77(J\ SRSXODWLRQV ZHUH XVXDOO\
ZLWKRXW JXW EDFWHULD 2QH T. tabaci SRSXODWLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 23UHVHQFHRIJXWEDFWHULDLQ Thrips tabaci SRSXODWLRQVPHDVXUHGLQDQG
Life stage Population Date % positive % dominant n Type strain
Adults 77-$UU 0D\    
-XQ    7-$9,
-XO    
77(J\ 0D\    
771/ 0D\    
-XQ    
)2$&0 0D\    7$&9
Larvae 771/ -XO    719,,719,,
771/ -XO    719,,719,,
77-$UU -XO    7-$9,,
77*5 -XO    7*9,,7*9,,
77*5 -XO    7*9,,7*9,,
77*5 -XO    
)21/ -XO    7:99,,
2QO\WKULSVZLWKPRUHWKDQFRORQ\IRUPLQJXQLWVZHUHFRQVLGHUHGWREHSRVLWLYH
7KHSUHYDOHQFHRIWKULSVZLWKEDFWHULDDQGWKHQXPEHURIWKULSVZLWKWKHPRVWRFFXUULQJW\SHRIEDFWHULDZHUH
DVVHVVHGSHUSRSXODWLRQDQGW\SHVWUDLQVZHUHFUHDWHG
,QRQO\DGXOWVDQGLQRQO\VHFRQGLQVWDUODUYDHZHUHLQFOXGHGLQWKHH[SHULPHQW
SRVLWLYH SUHYDOHQFHSHUFHQWDJHRIWKULSVZLWKJXWEDFWHULD
GRPLQDQW SHUFHQWDJHRIWKULSVWKDWFRQWDLQWKHGRPLQDQWW\SHRIJXWEDFWHULD
77-7KH FRXOG QRW EH WHVWHG EHFDXVH WKH
SRSXODWLRQ ZDV WRR VPDOO 7KH SUHVHQFH RI JXW
EDFWHULD LQ T. tabaci ZDV LQGHSHQGHQW RI KRVW
SODQW DQG PRGH RI UHSURGXFWLRQ DOWKRXJK WKH
QXPEHURISRSXODWLRQVVDPSOHGZDVORZ
6HYHUDO GLIIHUHQW FRORQ\ SKHQRW\SHV ZHUH IRXQG LQ
WKULSV IURP WKH 77-$UU T. tabaci SRSXODWLRQ EXW
RQH W\SH RI FRORQ\ ZDV SUHVHQW LQ HYHU\ SRVLWLYH
WKULSV DQG LWV SUHYDOHQFH UDQJHG IURP  WR 
RI DOO WKH FRORQLHV 7DEOH  $ SXUH VWUDLQ RI
EDFWHULD ZLWK WKLV SDUWLFXODU FRORQ\ SKHQRW\SH ZDV
REWDLQHG DQG XVHG DV W\SH VWUDLQ IRU WKH JXW
EDFWHULD LQ WKH 77-$UU T. tabaci SRSXODWLRQ 7-$
9, 7KH F. occidentalis SRSXODWLRQ VKRZHG
WKH VDPH SDWWHUQ DV KDG EHHQ FRQVLVWHQWO\ IRXQG
SUHYLRXVO\ LQ WKLV WKULSV VSHFLHV RQH GRPLQDQW
W\SH RI EDFWHULD SUHVHQW LQ WKH PDMRULW\ RI WKH
DGXOW LQVHFWV  7KH FRORQLHV IRXQG LQ WKH F.
occidentalis SRSXODWLRQ ZHUH SKHQRW\SLFDOO\
VLPLODU WR WKH W\SH VWUDLQ RI Erwinia VSHFLHV JXW
EDFWHULD IURP WKLV WKULSV VSHFLHV 7$& ;,,
'H 9ULHV HW DO D 2QH SXUH VWUDLQ RI WKH
GRPLQDQW EDFWHULDO W\SH ZDV REWDLQHG IURP JXW
EDFWHULD LVRODWHG IURP F. occidentalis LQ WKLV
H[SHULPHQW ODEHOOHG DV 7$& 9 IRU
FRPSDULVRQ ZLWK 7$& ;,, ,QWHUHVWLQJO\ WKH
GRPLQDQW W\SH RI EDFWHULD LQ T. tabaci SRSXODWLRQ
77-DUU DOVR KDG WKH VDPH PRUSKRORJLFDO
IHDWXUHV DV WKH Erwinia VSHFLHV JXW EDFWHULXP
7$&;,,IURP F. occidentalis 
7KUHH \HDUV ODWHU EDFWHULD ZHUH LVRODWHG DJDLQ EXW
WKLV WLPH IURP VHFRQG LQVWDU ODUYDH EHFDXVH WKH\
ZHUH H[SHFWHG WR KDYH WKH KLJKHVW SUHYDOHQFH RI
EDFWHULD 'H 9ULHV HW DO E ,QGHHG ILYH RXW
RI VL[ SRSXODWLRQV RI T. tabaci KDG D PXFK KLJKHU
SUHYDOHQFH RI JXW EDFWHULD UDQJLQJ IURP  WR
 7DEOH  2QO\ 77*5 KDG D ORZ
SUHYDOHQFH RI  7KH F. occidentalis SRSXODWLRQ
)21/ VKRZHG D KLJK SUHYDOHQFH  RI JXW
EDFWHULD DQG WKH FRORQLHV ZHUH SKHQRW\SLFDOO\
VLPLODU WR W\SH VWUDLQ 7$& ;,, $JDLQ RQH
GRPLQDQW EDFWHULDO FRORQ\ W\SH ZDV IRXQG LQ DOO RU
PRVW LQGLYLGXDOV LQ HDFK SRSXODWLRQ RI T. tabaci
,Q DGGLWLRQ YDULRXV RWKHU SKHQRW\SHV RI FRORQLHV
ZHUH IRXQG EXW WKH\ ZHUH SUHVHQW LQ VPDOO
QXPEHUV DQG QRW LQ DOO LQGLYLGXDOV $JDLQ WKH
GRPLQDQW SKHQRW\SH KDG VLPLODU PRUSKRORJLFDO
FKDUDFWHUV LQGHSHQGHQW RI WKH T. tabaci
SRSXODWLRQ DQG UHVHPEOHG WKH F. occidentalis
W\SH VWUDLQ 7$& ;,, FORVHO\ 7R VWXG\ WKH JXW
EDFWHULD RI T. tabaci LQ GHWDLO SXUH EDFWHULDO
VWUDLQV ZHUH REWDLQHG IURP WKH GRPLQDQW FRORQ\
SKHQRW\SH RI HDFK SRSXODWLRQ 7KHVH VWUDLQV ZHUH
JLYHQ QDPHV WKDW UHIOHFWHG WKH QDPH RI WKH WKULSV
SRSXODWLRQ WKH LVRODWLRQ GDWH DQG WKH WKULSV
LQGLYLGXDO IURP ZKLFK WKH\ KDG EHHQ LVRODWHG
7DEOH  $GGLWLRQDOO\ D SXUH VWUDLQ RI EDFWHULD
ZDV REWDLQHG IURP WKH JXW EDFWHULD RI RQH RI WKH
ODUYDH RI WKH )21/ F. occidentalis VWUDLQ 7:9
9,,
Biochemical identification
7KH ELRFKHPLFDO LGHQWLILFDWLRQ RI EDFWHULDO W\SH
VWUDLQV ZDV GRQH XVLQJ WKH $3, ( V\VWHP 7KLV
PHWKRG ZDV XVHG HDUOLHU WR W\SLI\ WKH EDFWHULDO
VWUDLQV 7$& ;,, DQG 7$& ,,, IURP WKH F.
occidentalis SRSXODWLRQ $0& DV Erwinia VSHFLHV
SRVVLEO\ Pantoea agglomerans 7KH ELRFKHPLFDO
FKDUDFWHULVWLFV RI ERWK VWUDLQV RI F. occidentalis
JXW EDFWHULD REWDLQHG LQ WKLV H[SHULPHQW 7$&
9 DQG 7:9 9,, ZHUH LGHQWLFDO DQG
VLPLODU WR WKH EDFWHULD LVRODWHG EHIRUH IURP WKLV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 3%LRFKHPLFDOSDWWHUQRIW\SHVWUDLQVRIJXWEDFWHULDIURPSRSXODWLRQVRI T. tabaci DQG F. occidentalis
Type strain Colony colour Biochemical pattern Species
Thrips tabaci VWUDLQV
719,, ZKLWH  3DJJORPHUDQVW\SH
719,, ZKLWH  3DJJORPHUDQVW\SH
719,, ZKLWH  3DJJORPHUDQVW\SH
719,, \HOORZ  3DJJORPHUDQVW\SH
7-$9,, \HOORZ  3DJJORPHUDQVW\SH
7-$9, \HOORZ  3DJJORPHUDQVW\SH
7*9,, ZKLWH  3DJJORPHUDQVW\SH
7*9,, ZKLWH  6HUUDWLDPDUFHVFHQV
7*9,, ZKLWH  3VHXGRPRQDVVSHF
Frankliniella occidentalis VWUDLQV
7:99,, ZKLWH  3DJJORPHUDQVW\SH
7$&9 ZKLWH  3DJJORPHUDQVW\SH
7$&;,, ZKLWH  3DJJORPHUDQVW\SH
7$&,,, ZKLWH  3DJJORPHUDQVW\SH
&RORQ\FRORXUZDVGHWHUPLQHGZLWKSXUHFXOWXUHVRQ/%PHGLXP
%LRFKHPLFDOSDWWHUQH[SUHVVHGDVDQXPEHUDQGVSHFLHVQDPHVZHUHDFFRUGLQJWRWKH$3,(LGHQWLILFDWLRQ
V\VWHP$3,(JXLGH
7KHPHDQLQJRIWKLVFRGHV\VWHPLVH[SODLQHGLQWKHUHVXOWVVHFWLRQRIWKHSDSHU
7\SHVWUDLQVFRGHVDUHH[SODLQHGLQ7DEOH
WKULSV VSHFLHV 7DEOH  F. occidentalis JXW
EDFWHULD ZHUH SRVLWLYH LQ EHWDJDODFWRVLGDVH
DFHWRLQ SURGXFWLRQ DQG WKH XWLOL]DWLRQ RI JOXFRVH
PDQQLWRO W UKDPQRVH VXFURVH DP\JGDOLQ DQG
DUDELQRVH 7KH\ ZHUH QHJDWLYH IRU DUJLQLQH
GHK\GURODVH O\VLQH GHK\GURODVH RUQLWKLQH
GHK\GURODVH FLWUDWH XWLOL]DWLRQ +6 SURGXFWLRQ
XUHDVH WU\SWRSKDQ GHDPLQDVH LQGROH SURGXFWLRQ
JHODWLQDVH LQRVLWRO XWLOL]DWLRQ VRUELWRO XWLOL]DWLRQ
DQG F\WRFKURPH R[LGDVH FRGH  LQ 7DEOH
 7KH FRPSOHWH VLPLODULW\ EHWZHHQ WKLV DQG
SUHYLRXV UHVXOWV 'H 9ULHV HW DO D FRQILUPV
WKDW WKLV EDFWHULDO VWUDLQ LV D SHUVLVWHQW DQG
GRPLQDQW LQKDELWDQW RI WKH JXW RI WKH F.
occidentalis 
7KH EDFWHULDO W\SH VWUDLQV IURP IRXU RXW RI ILYH T.
tabaci SRSXODWLRQV ZHUH VLPLODU WR HDFK RWKHU DQG
DOVR EHORQJHG WR WKH JHQXV Erwinia 77-$UU
77*5 771/ DQG 771/ 7KH\ ZHUH
WHQWDWLYHO\ QDPHG Pantoea agglomerans WKHLU
ELRFKHPLFDO FKDUDFWHULVWLFV ZHUH WKH VDPH DV
WKRVH RI WKH F. occidentalis JXW EDFWHULD H[FHSW
WKDW T. tabaci EDFWHULD ZHUH SRVLWLYH LQ FLWUDWH
XWLOL]DWLRQ DQG LQGROH SURGXFWLRQ DQG QHJDWLYH LQ
LQRVLWRO XWLOLVDWLRQ 7DEOH  7KH W\SH VWUDLQV RI T.
tabaci JXW EDFWHULD 71 9,, 71 9,,
71 9,, 7-$ 9,, 7-$ 9, DQG 7*
9,, ZHUH DOO FRPSOHWHO\ VLPLODU H[FHSW WKDW
VRPH ZHUH DEOH WR XWLOLVH VRUELWRO DQG RWKHUV ZHUH
QRW WKH GLIIHUHQFH EHWZHHQ FRGH  DQG
 LQ 7DEOH  UHVSHFWLYHO\ 7KH JXW EDFWHULD
W\SH VWUDLQV REWDLQHG IURP T. tabaci RI WKH
77*5 SRSXODWLRQ ZHUH FRPSOHWHO\ GLIIHUHQW
2QH W\SH VWUDLQ 7* 9,, ZDV LGHQWLILHG DV D
Serratia marcescens, DQG WKH RWKHU VWUDLQ 7*
9,,ZDVD Pseudomonas VSHFLHV7DEOH
DNA relatedness between thrips gut
bacteria
7KH ILQDO V U'1$ GDWDVHW FRQVLVWHG RI  HQWULHV
RI DW OHDVW  ES SRVLWLRQV $OO WKULSV JXW
EDFWHULDO VWUDLQV VKRZHG DW OHDVW  SHU FHQW
VHTXHQFH VLPLODULW\ WR E. coli LQGLFDWLQJ WKDW WKH\
ZHUH (QWHUREDFWHULDFHDH 7KH RQO\ H[FHSWLRQ ZDV
VWUDLQ 7* 9,, WKDW ZDV PRUH UHODWHG WR
Pseudomonas VSHFLHV ZKLFK ZDV DOUHDG\
LQGLFDWHG E\ WKH DERYH $3, ( WHVWV 7KLV VWUDLQ
ZDVOHIWRXWRIWKHGDWDEDVH
$IWHU SDUVLPRQ\ DQDO\VLV DQG ERRWVWUDSSLQJ WKH
VKRUWHVW WUHH ZDV VHOHFWHG )LJXUH  7KH
SK\ORJHQHWLF SRVLWLRQLQJ RI WKULSV JXW EDFWHULD
ZLWKLQ WKH (QWHUREDFWHULDFHDH DQG WKHLU FORVH
UHODWLRQVKLS WR Erwinia herbicola, FRQILUPV WKH
DERYH ELRFKHPLFDO $3, LGHQWLILFDWLRQ 7ZR FODGHV
ZHUH REVHUYHG DQG ERWK ZHUH VXSSRUWHG E\ KLJK
ERRWVWUDS YDOXHV 2QH FODGH ODEHOOHG )2
FRPSULVHG DOO F. occidentalis EDFWHULDO W\SH
VWUDLQV *XW EDFWHULD IURP F. occidentalis LVRODWHG
LQ WKH SUHVHQW VWXG\ ZHUH KLJKO\ VLPLODU WR JXW
EDFWHULD LVRODWHG IURP WKLV LQVHFW VSHFLHV LQ HDUOLHU
VWXGLHV DQG DFWLYDWHG DJDLQ IURP IUR]HQ VWRFN
FXOWXUHV 'H 9ULHV HW DO D 7KH RWKHU FODGH
WKH 77 FODGH FRPSULVHG RQO\ T. tabaci EDFWHULDO
W\SH VWUDLQV 7KH VHTXHQFH GLIIHUHQFH EHWZHHQ
WKHVH WZR FODGHV UDQJHG IURP  WR 
VLPLODULW\ 6HTXHQFH VLPLODULW\ ZLWKLQ FODGH )2
DQG FODGH 77 ZDV  RU KLJKHU 7ZR H[FHSWLRQV
ZHUH IRXQG LQ WKH SK\ORJHQ\ RI T. tabaci JXW
EDFWHULD RQH W\SH VWUDLQ 71 9,, RI WKH
771/ SRSXODWLRQ ZDV SODFHG ZLWKLQ WKH
PRQRSK\OHWLF )2 FODGH LQGLFDWHG ZLWK DQ DVWHULVN
LQ )LJXUH  DQG RQH W\SH VWUDLQ 7* 9,,
IURP SRSXODWLRQ 77*5 FOXVWHUV ZLWK D VWUDLQ RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 17KHFRQVHQVXVSK\ORJHQHWLFWUHHRIWKH6U'1$JHQHRIJXWEDFWHULDIURPSRSXODWLRQVRI Frankliniella
occidentalis Thrips tabaciDQGRIVHYHUDORWKHUVSHFLHVRI(QWHUREDFWHULDFHD7KHWUHHLVEDVHGRQDWOHDVWES
SHUVHTXHQFHDQGFUHDWHGXVLQJSDUVLPRQ\DQDO\VLV Buchnera aphidicola ZDVXVHGDVRXWJURXS%RRWVWUDSYDOXHV
RYHUUHSOLFDWHVDUHPHQWLRQHGLQIURQWRIWKHEUDQFKHV7KHQDPHVRIWKHW\SHVWUDLQVRIJXWEDFWHULDDUH
H[SODLQHGLQ7DEOH)2LQGLFDWHVWKHJURXSRI'1$VHTXHQFHVEHORQJLQJWREDFWHULDLVRODWHGIURP Frankliniella
occidentalis77LQGLFDWHVWKH'1$VDPSOHVLVRODWHGIURPEDFWHULDIRXQGLQ Thrips tabaci7KH'1$VHTXHQFH
ODEHOOHGZLWKDQDVWHULVNLVWKHRQO\VHTXHQFHIURPD Thrips tabaci EDFWHULXPZKLFKZDVIRXQGLQWKH)2JURXS
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Serratia marcescens FRQILUPLQJ WKH $3, (
LGHQWLILFDWLRQ
Discussion
$VVRFLDWLRQV RI 7KULSLGDH LQVHFWV ZLWK RQH
SDUWLFXODU VWUDLQ RI EDFWHULD LQ WKHLU JXW LV D QRW D
XQLTXH SKHQRPHQRQ ,W ZDV IRXQG HDUOLHU LQ F.
occidentalis SRSXODWLRQV 'H 9ULHV HW DO D
DQG F. fusca :HOOV HW DO  ,Q WKLV VWXG\ WKH
DVVRFLDWLRQ RI T. tabaci IURP GLIIHUHQW SRSXODWLRQV
ZLWK JXW EDFWHULD LV GHVFULEHG 7KH WKULSV RI WKHVH
SRSXODWLRQV FRQWDLQ ODUJH DPRXQWV RI EDFWHULD LQ
WKHLU JXW DQG RQH SDUWLFXODU W\SH RI EDFWHULD LV
GRPLQDQW /LNH F. occidentalis ODUYDH LQGLYLGXDO
T. tabaci KDYH XS WR  EDFWHULD LQ VHFRQG LQVWDU
ODUYDH DQG DGXOWV $OWKRXJK H[SHULPHQWV WR LVRODWH
EDFWHULD GLUHFWO\ IURP WKH GLVVHFWHG JXW KDYH EHHQ
GRQH RQ F. occidentalis EXW QRW RQ T. tabaci WKH
UHVXOWV REWDLQHG KHUH VWURQJO\ VXJJHVW WKDW T.
tabaci EDFWHULD DUH DOVR ORFDWHG LQ WKH WKULSV
KLQGJXW %DFWHULD DUH SUREDEO\ WDNHQ XS E\ \RXQJ
T. tabaci VHWWOH LQ WKH KLQGJXW DQG JURZ WR KLJK
QXPEHUV ZKLOH WKH LQVHFW KRVW LV IHHGLQJ VHH 'H
9ULHV HW DO E 7KHVH UHVXOWV FRPELQHG ZLWK
WKH VWXG\ RQ F. fusca :HOOV HW DO  VXJJHVW
WKDW JXW EDFWHULD PD\ EH ZLGHVSUHDG DPRQJ
Thrips DQG Frankliniella VSHFLHV
&RQWUDU\ WR RXU SUHYLRXV VWXG\ RQ F. occidentalis
GLIIHUHQW PHGLD ZHUH QRW XVHG IRU EDFWHULDO JURZWK
IURP T. tabaci QRU KDV EDFWHULDO '1$ VXFK DV 6
U'1$ EHHQ GLUHFWO\ REWDLQHG IURP D FUXGH H[WUDFW
RI T. tabaci ,W LV OLNHO\ WKHUHIRUH WKDW ZH GR QRW
KDYH D IXOO SLFWXUH RI T. tabaci PLFURIORUD ,W LV
SRVVLEOH WKDW RWKHU RSSRUWXQLVWLF DQG IDFXOWDWLYH
KHWHURWURSKLF EDFWHULD DUH SUHVHQW LQ T. tabaci
WKDW GR QRW JURZ RQ WKH VHOHFWHG ULFK JURZWK
PHGLXP IRU EDFWHULD LQ WKLV FDVH /% PHGLXP ,W
LV SRVVLEOH WKDW XQFXOWXUDEOH REOLJDWH V\PELRWLF
EDFWHULD DUH SUHVHQW WKDW DUH QRW DEOH WR JURZ
RXWVLGH WKH WKULSV JXW 7KH SUHYLRXV VWXG\ ZLWK F.
occidentalis FRQILUPHG WKDW WKH W\SH RI EDFWHULXP
GRPLQDQWO\ SUHVHQW RQ EDFWHULDO JURZWK PHGLXP
DIWHU EDFWHULDO LVRODWLRQ IURP WKULSV ZDV VLPLODU WR
WKH W\SH RI EDFWHULXP REWDLQHG ZLWK GLUHFW
VHTXHQFLQJ RQ FUXGH '1$ H[WUDFW IURP WKULSV 'H
9ULHV HW DO E 1DXOW HW DO  WULHG WR
LVRODWH Wolbachia EDFWHULD IURP T. tabaci EXW GLG
QRWILQGWKHVHHQGRV\PLRQWVLQWKLVWKULSVVSHFLHV
Prevalence of gut bacteria in T. tabaci
7KH QXPEHU RI T. tabaci LQIHFWHG ZLWK EDFWHULD
ZLWKLQ RQH SRSXODWLRQ WKH SUHYDOHQFH RI EDFWHULD
ZDV VLPLODU WR F. occidentalis $ERXW  RI WKH
DGXOWV DUH LQIHFWHG ZLWK EDFWHULD EXW DPRQJ
ODUYDH WKH SUHYDOHQFH ZDV KLJKHU D SDWWHUQ WKDW
ZDV DOVR REVHUYHG LQ F. occidentalis 'H 9ULHV HW
DO E ,Q FRQWUDVW WR F. occidentalis
SUHYDOHQFH LQ T. tabaci ODUYDH QHYHU UHDFKHG RQH
KXQGUHG SHU FHQW 7KLV FRXOG EH GXH WR OLIH
VWDJHGHSHQGHQW LQIHFWLRQ SUHYDOHQFH ,Q F.
occidentalis WKH KLJKHVW SUHYDOHQFH RI EDFWHULD
ZDV DOZD\V IRXQG LQ VHFRQG LQVWDU ODUYDH RI D
FHUWDLQ DJH ,Q WKLV VWXG\ UDQGRP VDPSOHV RI T.
tabaci DQG F. occidentalis VHFRQG LQVWDU ODUYDH
IURP WKH PDVV FXOWXUH ZHUH XVHG 3RVVLEO\ WKH
UHGXFHG SUHYDOHQFH LQ ERWK WKH )2 DQG 77
SRSXODWLRQV LV GXH WR WKH LQFOXVLRQ RI \RXQJHU
WKULSVODUYDH
Variation in gut bacteria within a single
thrips
$QRWKHU GLIIHUHQFH EHWZHHQ T. tabaci DQG F.
occidentalis ZDV WKH YDULDWLRQ RI JXW EDFWHULD LQ
LQGLYLGXDO T. tabaci 7KHUH DSSHDUHG WR EH
YDULDWLRQ LQ EDFWHULDO VWUDLQV HYHQ LQ ODWHU VWDJHV RI
WKH T. tabaci OLIH F\FOH QDPHO\ VHFRQG LQVWDU
ODUYDH DQG DGXOWV ,Q F. occidentalis LW ZDV IRXQG
WKDW D YDULDEOH JXW PLFURIORUD RQO\ RFFXUV LQ ILUVW
LQVWDU ODUYDH $IWHU WKLV OLIH VWDJH WKH Erwinia
VSHFLHV JXW EDFWHULD EHFDPH GRPLQDQW DQG DOVR
WKH RQO\ W\SH RI EDFWHULD SUHVHQW LQ F. occidentalis
'H 9ULHV HW DO E 7KLV ZDV RQO\ IRXQG LQ
WKH T. tabaci SRSXODWLRQ 771/ 8QIRUWXQDWHO\ LW
ZDV QRW SRVVLEOH WR UHSHDW EDFWHULD LVRODWLRQ
H[SHULPHQWV IRU DOO T. tabaci SRSXODWLRQV EHFDXVH
VRPH RI WKHP ZHUH QRW PDLQWDLQHG IRU WKUHH \HDUV
LQ WKH ODERUDWRU\ VR LW LV QRW SRVVLEOH WR FRPSDUH
GDWD IURP GLIIHUHQW JHQHUDWLRQV RI WKULSV
&RPSDULVRQ ZDV SRVVLEOH IRU VRPH SRSXODWLRQV RI
T. tabaci VXFK DV 77-$UU DQG LW ZDV IRXQG WKDW
WKH SUHVHQFH RI EDFWHULD LV VWDEOH RYHU PDQ\
JHQHUDWLRQV DV LW ZDV LQ F. occidentalis, Q
JHQHUDO LW LV LPSRUWDQW WR VWXG\ LQVHFWV IRU D
VHYHUDO JHQHUDWLRQV EHIRUH RQH FDQ EH FHUWDLQ
DERXW WKH H[DFW QDWXUH RI WKHLU V\PELRWLF
DVVRFLDWLRQ ZLWK JXW EDFWHULD 'H 9ULHV HW DO
D
Erwinia species gut bacteria
$OO F. occidentalis SRSXODWLRQV DQG PRVW T. tabaci
SRSXODWLRQV VWXGLHG SRVVHVV JXW EDFWHULD
EHORQJLQJ WR WKH JHQXV Erwinia. 7KH WHQWDWLYH
VSHFLHV QDPH RI DOO EDFWHULDO W\SH VWUDLQV LV P.
agglomerans, ZKLFK LV EDVHG RQ ELRFKHPLFDO
LGHQWLILFDWLRQ $3, ( 7KH FORVH UHODWHGQHVV RI
VWUDLQV RI EDFWHULD IURP YDULRXV F. occidentalis
SRSXODWLRQV LV FRQILUPHG E\ WKH 6 U'1$ VWXG\
)LJXUH  'HVSLWH WKH OLPLWHG DPRXQW RI 6
U'1$ VHTXHQFH GLIIHUHQFHV EHWZHHQ F.
occidentalis DQG T. tabaci JXW EDFWHULD D SDWWHUQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VHHPV WR HPHUJH WKDW VKRZV VHSDUDWLRQ RI )2 DQG
77 EDFWHULD LQ WZR GLIIHUHQW FODGHV 7KH P.
agglomerans VWUDLQV IURP QHDUO\ DOO T. tabaci
SRSXODWLRQV FOXVWHU WRJHWKHU LQ WKH 77 FODGH DQG
DOO P. agglomerans VWUDLQV IURP F. occidentalis
FOXVWHUWRJHWKHULQWKH)2FODGH
,Q WKH SDVW WKH VSHFLHV QDPHV Erwinia herbicola
DQG P. agglomerans KDYH EHHQ XVHG
LQWHUFKDQJHDEO\ 0HUJDHUW HW DO  2XU 6
U'1$ VWXG\ VXJJHVWV WKDW WKH W\SHV RI P.
agglomerans LQ WKH )2 FODGH DQG LQ WKH 77 FODGH
DUH JHQHWLFDOO\ PRUH GLIIHUHQW DW PRVW 
VLPLODULW\ EXW OHVV GLIIHUHQW DPRQJ HDFK RWKHU DW
OHDVW   VLPLODULW\ 2QO\ RQH FODGH WKH 77
FODGH RI P. agglomerans LV UHODWHG WR WKH W\SH
VWUDLQ RI E. herbicola IURP WKH *HQ%DQN E.
herbicola EDFWHULD KDYH EHHQ IRXQG LQ RWKHU LQVHFW
VSHFLHV ,Q WKHLU VWXGLHV 7DNDKDVKL HW DO  DQG
:DWDQDEH et al.  VKRZHG WKDW WKLV EDFWHULDO
VSHFLHV LV SUHVHQW LQ EURZQ SODQWKRSSHUV
PXOEHUU\ S\UDOLGV DQG VLONZRUPV DQG RULJLQDWH
IURP WKHLU KRVW SODQWV 2WKHU UHVHDUFKHUV KDYH
GHVFULEHG DVVRFLDWLRQV RI LQVHFW VSHFLHV DQG
Enterobacter agglomerans LQ Psila &ROH HW DO
 ORFXVWV 'LOORQ HW DO  DQG 0HDG HW DO
 IUXLW IOLHV 0DF&ROOHP et al.  EDUN
EHHWOHV %ULGJHV  WHUPLWHV 3RWULNXV DQG
%UH]QDN  PRVTXLWRHV 6WUDLI HW DO 
Enterobacter agglomerans ZDV UHQDPHG WR P.
agglomerans *DYLQL HW DO  '1$ VHTXHQFH
FRPSDULVRQ LV QHFHVVDU\ WR PDNH DQ\ VWDWHPHQW
RQ WKH UHODWHGQHVV EHWZHHQ JXW EDFWHULD IURP DQ\
RIWKHVHLQVHFWVSHFLHVDQGIURPWKULSV
Bacteria not present in all onion thrips
populations
7KUHH RXW RI HLJKW T. tabaci SRSXODWLRQV KDG QR
LQWHUQDO EDFWHULD RU WRR IHZ LQGLYLGXDOV ZLWK
HQRXJK EDFWHULD WR \LHOG D W\SH VWUDLQ RI JXW
EDFWHULD 2QH SRSXODWLRQ KDG JXW EDFWHULD EXW WKH\
ZHUH TXLWH GLYHUVH DQG XQUHODWHG 7KLV UHVXOW LV LQ
FRQWUDVW WR WKH REVHUYDWLRQ WKDW DOO F. occidentalis
SRSXODWLRQV KDYH JXW EDFWHULD :H KDYH VWXGLHG
PDQ\ SRSXODWLRQV RI F. occidentalis 'H 9ULHV
XQSXEOLVKHG UHVXOWV 3HUKDSV LW LV SRVVLEOH WR
FODVVLI\ T. tabaci SRSXODWLRQV DV GLIIHUHQW ELRW\SHV
GHSHQGLQJ RQ WKH SUHVHQFH RU DEVHQFH RI JXW
EDFWHULD 'LHKO DQG %XVK  GHILQHG LQVHFW
ELRW\SHV DV SRSXODWLRQV RI D SRO\SKDJRXV LQVHFW
VSHFLHV WKDW DUH UHODWHG WR GLIIHUHQW KRVW SODQWV
%XW WKH ELRW\SH FRQFHSW LV LQ SULQFLSOH DSSOLFDEOH
WR DOO VRUWV RI LPSRUWDQW LQVHFW DWWULEXWLRQV )RU
H[DPSOH LQ RWKHU VWXGLHV F. occidentalis ELRW\SHV
ZHUH GHVFULEHG UHJDUGLQJ LQVHFWLFLGH UHVLVWDQFH
%U¡GVJDDUG  ,PPDUDMX HW DO  F.
occidentalis ELRW\SHV EDVHG RQ KRVW SODQW
XWLOLVDWLRQ ZHUH QHYHU IRXQG F. occidentalis ZDV
RQO\ UHFHQWO\ LQWURGXFHG WR (XURSH $VLD DQG
$IULFD %U¡GVJDDUG  DQG WKH WKULSV KDV D
YHU\ EURDG KRVW UDQJH <XGLQ HW DO  ,Q
FRQWUDVW T. tabaci DUH HQGHPLF LQ PRVW (XURSHDQ
FRXQWULHV 7KLV ZRXOG KDYH JLYHQ T. tabaci PRUH
WLPH WR GHYHORS KRVW SODQW ELRW\SHV ,QWHUHVWLQJO\
WKH SRSXODWLRQV RI T. tabaci FXOWXUHG RQ OHHN ZHUH
DOO ZLWKRXW D W\SH VWUDLQ RI JXW EDFWHULD ZKHUHDV
WKH T. tabaci LQ ZKLFK JXW EDFWHULD ZHUH IRXQG
ZHUH FXOWXUHG RQ EHDQ SRGV 7KH SRVVLELOLW\ RI D
KRVW SODQW HIIHFW LQ WKH WUDQVPLVVLRQ RI JXW
EDFWHULD VKRXOG EH WDNHQ LQWR DFFRXQW :H KDYH
QHYHU IRXQG DQ\ KRVW SODQW HIIHFW LQ EDFWHULD
WUDQVPLVVLRQ E\ F. occidentalis EXW OHHN RU DQ\
RWKHU PHPEHU RI WKH IDPLO\ /LOLDFHDH ZDV QRW
LQFOXGHGLQWKHVHVWXGLHV'H9ULHVHWDOE
Thrips-gut bacteria interaction
7KH SUHVHQFH RI JXW EDFWHULD LQVLGH T. tabaci OHDGV
WR WKH TXHVWLRQ ZKDW NLQG RI LQWHUDFWLRQ PD\ WDNH
SODFH EHWZHHQ V\PELRQW DQG KRVW 7KH LQWHUDFWLRQ
EHWZHHQ JXW EDFWHULD DQG F. occidentalis FDQ EH
PXWXDOLVWLF GHSHQGLQJ RQ WKH WKULSV GLHW 'H 9ULHV
HW DO  ,W ZDV IRXQG WKDW WKULSV ZLWK JXW
EDFWHULD KDYH D VKRUWHU ODUYDO GHYHORSPHQW WLPH
DQG KLJKHU GDLO\ HJJ SURGXFWLRQ ZKHQ OLYLQJ RQ
OHDI GLVFV EXW RQ D GLHW RI OHDI GLVFV DQG SROOHQ
WKLV PXWXDOLVWLF HIIHFW RI WKH SUHVHQFH RI EDFWHULD
ZDV QRW IRXQG +RZHYHU WKLV FDQQRW EH GLUHFWO\
H[WHQGHG WR WKH T. tabaci ± JXW EDFWHULD
LQWHUDFWLRQ EHFDXVH T. tabaci KDYH RWKHU GLHWV
DQG RWKHU W\SHV RI EDFWHULD )RU H[DPSOH T. tabaci
GRHV QRW KDYH D SUHIHUHQFH IRU SROOHQ DV LV IRXQG
LQ F. occidentalis 9DQ 5LMQ HW DO  ,Q
DGGLWLRQ PXFK PRUH YDULDWLRQ LQ QXPEHU DQG
W\SH RI JXW EDFWHULD ZDV IRXQG LQ T. tabaci
FRPSDUHG WR WKH F. occidentalis 3HUKDSV WKH
SUHVHQFH RI EDFWHULD LQ T. tabaci LV PRUH
FRPPHQVDOLVWLF ZKHUH EDFWHULD UHTXLUH WKH
LQVHFWV WR VSUHDG WR QHZ KRVW SODQWV 7KLV W\SH RI
LQWHUDFWLRQ ZDV DVVXPHG IRU WKH SODQWKRSSHUV
:DWDQDEH et al.  DQG IRU F. fusca *LWDLWLV
HWDO
,QWHUHVWLQJO\ :LMNDPS HW DO  VWXGLHG YDULRXV
SRSXODWLRQV RI F. occidentalis DQG T. tabaci DQG
IRXQG WKDW WKHUH LV DOVR D ODUJH YDULDWLRQ LQ WKH T.
tabaci DELOLW\ WR WUDQVPLW SODQW YLUXVHV $OO F.
occidentalis SRSXODWLRQV UHOLDEO\ WUDQVPLW YLUXV
DOWKRXJK YDULDWLRQ H[LVWV LQ WUDQVPLVVLRQ
HIILFLHQF\ 2QO\ RQH T. tabaci SRSXODWLRQ
77-$UU VXFFHVVIXOO\ WUDQVPLWWHG WRPDWR VSRWWHG
ZLOW YLUXV DQG RWKHU SRSXODWLRQV 77-7KH
77(J\ DQG 771/ GLG QRW 2I WKHVH
SRSXODWLRQV 77-$UU DQG 771/ FRQWDLQ JXW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH EDFWHULD DQG 77(J\ GRHV QRW ,W LV SUHVHQWO\ WRR
VSHFXODWLYH WR K\SRWKHVL]H RQ WKH LQIOXHQFH RI JXW
EDFWHULDRQYLUXVWUDQVPLVVLRQE\ T. tabaci
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